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UNIVERSAL PROBE SYSTFM 

Field of Invention 

The invention relates to methods of amplifying DNA and methods of 
detecting, quantifying, purifying, isolating and manipulating the amplified DNA 

Background of Invention 

Recent advances in genetics have made methods of genetic analysis 
important for many applications. These cover subjects such as the detection of the 
presence or absence of genetic traits by knowledge of a particular DNA sequence of 
an indi vidual, the presence and abundance of particular organism such as a virus or 
other micro-organisms and the quantification of messenger RNA transcribed from 
the DNA. All these require robust and simple methods for their detection and 
quantification, preferably at low cost. 

It is often difficult to work with material directly, especially in forensic work, 
for example, where only minuscule amounts of DNA may be available. For this and 
other purposes a biochemical amplification of nucleic acid is often carried out. One 
such system, the well-known polymerase chain- reaction (PCR), is commonly used to 
amplify small numbers of target DNA molecules up to quantities that can be detected 
and characterised. The exact binding (or hybridisation) of short lengths.of . 
complementary single-stranded DNA (the primers) to either end of the target nucleic 
acid specifies the segment of DNA to be amplified by directing initiation of DNA 
synthesis. RNA may also be amplified by initially using reverse transcriptase in a 
process known as rtPCR to produce cDNA that can then be further amplified using 



25 PCR. 



Present detection methods range from simple schemes that just detect the 
much larger quantities of DNA present after amplification to Southern blotting 
techniques whereby single strand DNAs are size-separated by gel electrophoresis and 
transferred to a membrane. A complementary strand, labelled in some way, is then 
used as a probe to hybridise specifically to the matching sequence. After washing 
away unattached molecules, the remaining probe is visualised. For critical work in 
forensic or clinical studies the simple methods are not rigorous enough. On the other 
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hand the electrophoretic methods make for good validation but are not suitable for 
screening, being slow and hence expensive. 

Between these extremes lie other techniques more suitable for high 
throughput where detection is carried out, either after separation of amplification 
5 products from the unused reagents, or by using a homogenous detection system 
without a separation step. Separation techniques generally require the use of a 
substrate such as plastic microtitration sample plates or beads to which the PCR 
product may be immobilised. In one technique the first PCR primer may have a 
chemical moiety such as biotin attached that can be used to bind the molecules to a 
10 plate or beads coated with a binding moiety such as streptavidin. Although it would 
be possible for the second primer to have an attached detectable label, this would 
then be present on the opposite strand from the biotinylated primer. It is therefore a 
principle that it is not normally possible to use both incorporated primers, each 
having useful properties such as a label or an attached binding moiety. 
15 Detection may also be carried out through intrinsic labelling of the 

synthesised molecules during amplification or a labelled probe may be hybridised to 
a single stranded amplification immobilised product. In all these cases, sizing 
information is absent but the specificity of the single stranded DNA primer 
molecules, plus that of any hybridising probe, is adequate for most purposes. 
20 Specified sequence arrays of DNA molecules may also be used to which the 

PCR product (or rtPCR-derived cDNA from mRNA) is allowed to hybridise. 
Visualisation of a labelled product or a probe hybridised thereto will show which 
sequence is present. Often such sequence arrays are proprietary. 

Plate-based, semi-automated hybridisation techniques for viral quantification 
25 and polymorphism detection have been developed that use probes labelled with 
chelates containing rare earth elements such as Europium, Samarium or Terbium 
attached to short (usually 12- 15 base pair) oligonucleotides. These have the 
advantage of being non-toxic and non-radioactive. The protocols may be simplified 
to very few operations, despite this being a separation technique where the plates 
30 must be washed free of competing labelled oligonucleotides after hybridisation. The 
advantages are that all operations are carried out at room temperature, that two or 
even three probes with differing labels can be detected in the same well and, where 
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two or three probes are used, one probe can act as an internal control for validating or 
standardising the reaction. The measurement by time-resolved fluorometry for single 
wells and for two probes takes only about 10 minutes per 96 samples. This 
technique benefits from very low background and good repeatability since the 
chelates are remarkably stable. Such specialised probes are however rather 
expensive although this cost is reasonable on an individual sample basis when 
required for high throughput. On the other hand, the cost makes it prohibitively 
expensive for detection of a multiplicity of micro-organisms or polymorphisms, each 
to be measured on a modest number of samples. 

Radioactive, chemiluminescent or fluorescent labels may also be used in such 
assays for detection but these are often also expensive and may deteriorate with time 
and radioactive probes inevitably decrease in activity as the isotope decays. When 
ownership of many probes is contemplated it also has to be borne in mind that there 
are significant costs associated with initial optimisation of hybridisation conditions 
for each probe. The cost and logistics of keeping stocks up to date and in good order 
are also considerable. 

The use of specialised single-strand primers has been described as state of the 
art where a long primer is used that overhangs the end of the target nucleic acid 
molecule after hybridisation. Nucleic acid synthesis completes this strand in the 
usual way but subsequent synthesis extends the strand to the end of the.overhang. ' 
thereby producing a known sequence at the end of the molecule. This process is very 
useful as special sites may be included such as restriction enzyme sites so that cutting 
will give molecules suitable for cloning or circularisation of the molecule. 
Sometimes the system is used to overcome difficulties with idiosyncratic sequences 
that are difficult to amplify and would otherwise produce significant amounts of 
incorrect amplification products. By using initial synthesis at low temperatures the 
specific aspect of primers binding is optimised while higher temperatures are used 
for later cycles that are suitable for the whole length of the primers. This produces a 
high stringency process overall so that the purity of products is improved (Weighardt 
F, Biamonti G and Riva S. "A simple procedure for enhancing PCR specificity". 
PCR Methods and Applications. 1993 Vol. 3,pp77-80). 
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Shuber A.P. shows a similar method in US Patent 5,882,856 of 16 th March 
1999 (filed Jun 7 th 1995) entitled "Universal Primer Sequence for Multiplex DNA 
Amplification". Here multiple polymerase chain reactions are run simultaneously 
and the low temperatures for initial primer annealing define the required sequences 
5 for later amplification using the entire primer. This produces an even amplification 
and avoids problems of non-linearity that would otherwise produce a preponderance 
of some sequences to the detriment of the others that are equally important to the 
assay. Both these methods use gel electrophoresis for detection through size- 
reparation of the molecules or their restriction enzyme digests. Alternatively, allele- 
10 specific probes are used to demonstrate the presence of the sequences of interest of 
techniques such as single-strand conformational polymorphism. 

There is also an overhang detection method, marketed by Intergen Corp, but 
where the specification is confined to use of a probe in the form of a haiipin through 
self-complementary sequences. Hybridisation of the probe to an overhang allows 
15 synthesis that opens the hairpin by the extension process thereby separating a 
fluorescent emitter and a quencher, giving rise to fluorescence. 

A primer incorporated into the end of a molecule can be useful for 
immobilisation of the molecule on a surface as described through attachment of a 
binding moiety such as biotin. The overhang can itself be used for attaching the 
20 molecules to a surface that bear single stranded DNA anchor sequences-(Genosys 
Biotechnologies, Inc.) via a bridging oligonucleotide that will hybridise to both the 
anchor and the end-labelled amplified product. In this way many different types of 
samples may be assayed at the same time using identical anchor molecule-bearing 
wells in universal plates. 
25 An overhang method has also been used for universal primers where the 

overhang portions extended during amplification are then subsequently amplified by 
a second pair of primers suited to the universal sequence of the overhangs ("A 
universal procedure for primer labelling of amplicons". Neilan BA, Wilton AN and 
Jacobs D. Nucleic Acids Research 1997 Vol. 25 pp293 8-2939). A similar method 
30 was used with multiplex PCR samples to detect BRCA1 and BRCA2 deletions and 
insertions. Detection was by a procedure that used a third set of primers for a ligase 
reaction to produce a complete and labelled molecule only if the particular single 
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nucleotide polymoiphism was present in the amplified product. One ligase primer 
was labelled while the other had yet another overhang that could hybridise to 
oligonucleotides immobilised on an array. ("Universal DNA array detection of small 
insertions and deletions in BRCA1 and BRCA2". Favis R, Day JP, Gerry NP, 
5 PhelanQNarodSandBaranyF. in Nature biotechnology Vol.18, 561-564). A 
similar procedure was used but with detection by an automated sequencing 
electrophoresis apparatus. ("Universal primer quantitative fluorescent multiplex 
(UPQFM) PCR: a method to detect major and minor rearrangements of the low- 
density lipoprotein receptor gene". Heath KE, Day INM and Humphries SE. Journal 
10 of Molecular Genetics, Vol. 37, pp272-280). 

Summary of the invention 

The invention described presents a solution to the need to use large numbers 
of different hybridisation probes in high-throughput screening but without sacrificing 
15 the specificity of the assays. The method is simple and convenient because the same 
probe or probes may be used for every polymorphism, micro-organism and 
messenger RNA quantification. The method of the invention uses universal primers, 
where one or both primers have overhanging DNA sequences not found in the 
sequence of interest. Upon DNA synthesis the complementary strand is extended to 
the end producing a new but known terminal sequence. Here it is the complementary 
sequence to the unrelated primer sequence that is used for detection by hybridisation 
to a universal probe having the same sequence as the primer overhang. Any 
competing primers and intermediate products may be removed by an alkali wash. 
The presence of label will therefore demonstrate that complementary DNA synthesis 
has occurred from the one primer to the end of the overhang region. This is good 
evidence that amplification has taken place as this has been directed by the 
specificity of the primers. 

In the present invention the use of the overhanging sequences for direct 
detection and immobilisation gives a very considerable simplification for detection 
and quantification of nucleic acids. It also permits simple methods of isolation, 
purification and manipulation with the possibility of providing kits. 
Accordingly the present invention provides: 



20 
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a method for detecting a target nucleic acid in a sample, which method 
comprises: 

(a) providing a primer pair comprising a first primer having a target 
specific sequence complementary to the sequence of the first strand of 

5 said target nucleic acid and an overhang sequence unrelated to said 

target nucleic acid sequence and a second primer having a target 
specific sequence complementary to the sequence of the second strand 
of said target nucleic acid and an attachment means; 

(b) contacting a nucleic acid sample with said first and second primers; 
10 (c) carrying out a polymerase chain reaction (PCR) under conditions 

suitable for the formation of a product having said attachment means 
and a sequence comprising the sequence of said target nucleic acid 
and the sequence of said overhang; 

(d) separating the first strand of said product comprising said first primer 
1 5 from the second strand of said product comprising said second primer 

using said attachment means ; and 

(e) detecting said first strand or said second strand 

thereby detecting whether said target nucleic acid is present in said sample, 
a primer pair suitable for use in detecting a target nucleic acid, which primer 
20 pair comprises: 

(i) a first primer having a target specific sequence complementary to the 
sequence of the first strand of said target nucleic acid and an overhang 
sequence unrelated to said target nucleic acid sequence; and 

(ii) a second primer having a target specific sequence complementary to 
25 the sequence of the second strand of said target nucleic acid and an 

attachment means, 
a kit for detecting a target nucleic acid molecule, which kit comprises: 
(a) an oligonucleotide probe comprising the same sequence as an 

overhang sequence of a PCR primer; 
30 . (b) an immobilisation surface 

(c) a means for detecting said oligonucleotide probe, 
a PCR product having a sequence comprising: 
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(a) 
(b) 



a sequence identical to the sequence a nucleic acid amplified by the 
PCR; 
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8. 



a sequence complementary to the overhang sequence of a first primer 
used in the PCR, which sequence is complementary to a probe; and 
5 (c) a second primer comprising an attachment means used in the PCR. 

Brief Description of the Drawings 

Key to the diagrams 

N.B. UUUV describe the order of DNA strands synthesised. 
10 1 . 1 1 ] 1 1 1 i i i i part of first primer sequence-specific to end of product. 

2 - " i " " 1 1 antisense sequence complementary to specific part of first primer. 

3. ooooooooooo sense sequence of interest. 

4. ooooooooooo^ antisense sequence of interest. 

5. *********** second pr i mer sequence specific to end of product. 
15 6 " *********** sequence complementary to second specific primer sequence. 

overhang sequence of first primer with same sequence as probe. 

overhang sequence of first primer with complementary sequence to 
probe. 

9. ,ww ^ overhang sequence of second primer. 

20 10. ' sequence complementary to overhang of second primer.- _ 

1IJ3 -biotin. 

12JBU*** - Oligonucleotide label, may be lanthanide chelate (e.g. Eu, Sm, Tb or Dy) 
for time-resolved fluorometry, or radioactive, or chemiluminescent or fluorescent 
label. 

25 13. +++++++++X part of first primer sequence specific to polymorphism at X. 

14. part of first primer sequence specific to polymorphism at Y. 

15. Sm*** - Oligonucleotide as a second label. 

1 6. 1 overhang sequence hybridising to anchor sequence. 

incorporated label - radioactive, 
30 fluorescent,colourimetric or chemiluminescent. 

Figure 1 shows a PCR method for amplifying a target nucleic acid sequence 
(3) using overhanging primers, univeral probes and streptavidin plates. The first 
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primer consists of a 5'overhang sequence (7) having the same sequence as that of the 
labelled probe (12) together with a 3' portion (1) specific to the sequence of interest. 
The second primer is biotinylated (B) and has a 3' overhang (9) with a 5' sequence 
specific portion (5). After PCR, products of the reaction (III) have biotin (B) at one 
5 end (originally attached to the end of the second primer), or other attachment means, 
and can be immobilised on streptavidin plates or beads. Quantification of the probe 
label bound to immobilised products will detect amplified product specified by the 
primers. 

Figure 2 shows a variation of the method illustrated in Figure 1 . The method 
10 illustrated in Figure 2 is for detecting single nucleotide polymorphisms using two 
differently labelled probes (for example, Eu and Sm labelled probes) for detecting 
PCR products. The amplitude refractory mutation system (ARMS) technique is 
used. The ratio of the measurements using the two probes will determine relative 
abundance of the polymorphic sequences and enable detection of heterozygosity as 
15 opposed to the homozygosity for either sequence. 

Figure 3 illustrates a method of the invention wherein overhang sequences are 
used on the both first and second primers. The overhang sequence on the second 
primer functions as an attachment means. This method may be cheaper to use than 
the methods shown in Figures 1 and 2 due to the fact that streptavidin-coated plates 
20 are expensive. The overhang on the second primer is made complementary to an 
anchor sequence (16) immobilised to a surface such as a plastic plate such that 
specific PCR products may be captured by hybridisation. The overhang on the first 
primer will then be available for detection by a universal probe at the distal end of 
the molecule as shown in Figure 1 . This first primer may also be biotinylated (B), or 
25 may contain a similar attachment moiety; so that competing products after 

denaturation may be removed by attachment to streptavidin-coated beads, such as 
magnetic beads, or other such surface, followed by a washing step or use of magnetic 
fields. One advantage of this method is that the quantity of beads, or similar, is not 
critical for the assay excepting being adequate to remove the competing products. 
30 Figure 4 illustrates an embodiment of the invention where the DNA 

incorporates a label (17) during synthesis. Suitable labels include radioactive, 
colourimetric, chemiluminescent and fluorescent labels. The presence in the PCR 
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product of an overhang with a sequence the same as that of an anchor sequence 
(16) will ensure that the labelled strand will hybridise to the immobilising surface. 
Competing products may be removed if biotin is attached to the other primer so that, 
after denaturation by heat or alkali, the strands without label may be removed by 
attachment to streptavidin-coated beads, such as magnetic beads, or other such 
surface using a washing or magnetic separation step. The remaining labelled strands 
may then be allowed to hybridise to anchor sequences and the label detected by 
standard methods. 

Detailed Description of the Invention 

The present invention provides a method for detecting a target nucleic acid 
molecule in a sample. The method provided by the invention utilises universal 
detection methods which may be used to detect the presence of any target nucleic 
acid. The method provided by the invention utilises the well-known polymerase 
chain reaction (PCR) reaction to produce novel products. One strand of a double- 
stranded PCR product produced by a method of the invention has both a target- 
independent detection means at one end and a universal target-independent 
attachment means at the other. This enables a single strand of the PCR product to be 
immobilised and probed in a highly specific manner. 

The present invention provides a method for detecting a target nucleic acid in 
a sample, which method comprises: 

(a) providing a primer pair comprising a first primer having a target 
specific sequence complementary to the sequence of the first strand of 
said target nucleic acid and an overhang sequence unrelated to said 
target nucleic acid sequence and a second primer having a target 
specific sequence complementary to the sequence of the second strand 
of said target nucleic acid and an attachment means; 

(b) contacting a nucleic acid sample with said first and second primers; 

(c) carrying out a polymerase chain reaction (PCR) under conditions 
suitable for the formation of a product having said attachment means 
and a sequence comprising the sequence of said target nucleic acid 
and the sequence of said overhang; 
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(f) separating first strand of said product comprising said first primer 
from second strand of said product comprising said second primer 
using said attachment means; and 

(g) detecting said first strand or said second strand 
thereby detecting whether said target nucleic acid is present in said sample. 



Primers 

The invention provides a primer pair suitable for use in a method of detecting 
a target nucleic acid of the invention, which primer pair comprises: 
10 (i) a first primer having a target specific sequence complementary to the 

sequence of the first strand of said target nucleic acid and an overhang 
sequence unrelated to said target nucleic acid sequence; and 
(ii) a second primer having a target specific sequence complementary to 
the sequence of the second strand of said target nucleic acid and an 
1 5 attachment means. 

The first and second primers are designed to flank the target nucleic acid 
sequence of interest. 

The first primer sequence typically comprises a total of from 15 to 50 bases, 
preferably from 25 to 40 bases. The overhang sequence is typically from 8 to 20 
20 bases, preferably from 10 to 16 bases. _ . 

The overhang sequence is generally chosen so that it is a sequence that does 
not exist in the sample being tested. The overhang sequence may be chosen so that it 
is a sequence that is not present in the genome of the organism or organisms of 
interest. Preferably, the overhang sequence is chosen so that it is a sequence which 
25 does not appear in the genome of any organism. The overhang sequence may be 
selected using suitable algorithms or may be selected by experimental means. 
Suitable assays for determining whether a defined sequence is present in a target will 
be apparent to a person skilled in the art. A method for the selecting suitable 
sequences that are not present in genomes is described herein. 
30 The overhang sequence is also preferably chosen so that neither the overhang 

sequence nor the sequence complementary thereto forms a hairpin loop or other 
secondary structure. The overhang sequence may comprise a restriction enzyme site. 
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The second primer sequence typically comprises a total of from 15 to 50 
bases, preferably from 25 to 40 bases with the overhang sequence typically 
comprising from 0 to 20 bases, preferably from 1 0 to 1 6 bases. 

The second primer comprises an attachment means which may function to 
anchor one strand of the PCR product to a surface. The anchored strand may then be 
detected using a probe specific for the overhang sequence at the other end of the PCR 
product. Alternatively, the strand not anchored to the surface may be detected. 

Any suitable attachment means may be used. The attachment means on the 
second primer may comprise one member of a specific binding pair, for example a 
biotin moiety which will bind to a surface coated with streptavidin. The attachment 
means.may comprise an overhang sequence which is complementary to an anchor 
sequence. Where the attachment means is an overhang sequence, the strand of the 
PCR product comprising the second primer is preferably captured by binding to a 
surface on which oligonucleotides comprising the anchor sequence are immobilised. 

The second primer may comprise an overhang region. The overhang region 
may be used as an attachment means. Alternatively the overhang region can be 
present in addition to a further attachment means such as a biotin moiety. 

Overhang sequences on both the first or the first and second primers are 
typically chosen such that the melting points of the first and second primers are 
reasonably matched after synthesis of any overhangs present, i.e. so that the melting 
point of the whole first primer is approximately the same as the melting point of the 
whole'second primer. 

The first primer may further comprise an attachment means. The attachment 
means on the first primer may function to aid removal of the primer and single 
stranded products of the PCR products comprising the first primer (the first strands) 
prior to detection of the single stranded products comprising the second primer (the 
second strands). Alternatively, the attachment means on the second primer may first 
be used to remove the second strands. The first strands may then be attached via the 
attachment means on the first primer to a second surface prior to detection of the first 
strands. 

Any suitable attachment means may be used. For example, the attachment 
means on the first primer may comprise one member of a specific binding pair such 



BNSDOCID: <WO 0214S34A2_L> 



WO 02/14534 




PCT/GBOJ/03582 



12 

as a biotin moiety which will bind to streptavidin. The first primer may then be 
removed by the binding of the binding moiety to a suitable binding partner or anchor 
sequence. For example, if the first primer comprises biotin, it may be removed by 
binding to a streptavidin-coated surface such as streptavidin-coated beads. 
5 The attachment means may comprise an overhang sequence which is 

complementary to an anchor sequence. The attachment means may comprise all or 
part of the overhang sequence of the first primer. It is preferred that the attachment 
means comprises an overhang sequence when the second strands are removed and 
detection is of the first strands. 
1 0 One half of a specific binding pair, such as streptavidin or an anchor 

sequence may be immobilised on the surface of beads. The beads to which either the 
first or second strand has been attached may be removed by centrifugation or by 
magnetic means. 

The first primer and said second primer may comprise the same attachment 

15 means or different attachment means. Where the first and second primers comprise 
the same attachment means, the double stranded PCR product may be denatured and 
the single strands may be separated by binding to the same surface using the 
attachment means of each of the first and second primers. Where the first and second 
primers comprise the same attachment means it is preferred that the attachment 

20 means is a member of a binding pair. The present invention also provides^ set of 
primers comprising two or more said primer pairs for the simultaneous detection of 
two of more target nucleic acids. The overhang sequences of each of the primers are 
typically selected so that as the melting point (Tm) of the double strand is similar for 
each of the primers used and is within a range suitable for the amplification process. 

25 The selection of suitable conditions is described in more detail below. 

Each first primer in said set may comprise a different overhang sequence and 
a different target specific sequence and each second primer in said set may comprise 
a different target specific sequence but the same attachment means. Thus, in step (e) 
of a method of the invention, each of the products produced using each of the primer 

30 pairs may be detected using a different labelled probe, each different probe having a 
different sequence and being labelled with a different label. 
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Alternatively, each first primer in said set may have the same overhang 
sequence but a different target specific sequence and each second primer in said set 
may comprise a different target specific sequence and a different attachment means. 
In this embodiment, the attachment means are preferably overhang sequences. Thus 
each primer pair will produce a product having a different but known overhang at 
one end and the same known overhang at the other end. The overhang which differs 
between the products of different primer sets may be used to attach the primers to 
different surfaces, or different parts of the same surface, using anchor sequences 
specific for each of the overhang sequences. The same probe may then be used to 
detect the products of all primer pairs and the products distinguished according to 
their positions of attachment. 



Samples 

Any suitable nucleic acid sample may be used in a method of the invention. 
15 The sample used will depend on the target nucleic acid(s). The nucleic acid sample 
may comprise, for example RNA or DNA such as genomic DNA or cDNA. 

For example, if method of the invention a method of genetic screening, for 
example the method may be aimed at determining the presence of a single nucleotide 
polymorphism (SNP) in a sample from an individual, the sample is preferably a 
20 sample of genomic DNA from the individual but may also be a cDNA or BNA 

sample derived from cells or tissues that express the gene comprising the sequence of 
interest. 

The method of the invention may be used to detect, quantify or identify a 
particular microorganism. In this embodiment, the sample is preferably a genomic 
25 DNA sample, or a RNA sample. The RNA sample may, for example, be a sample 
of ribosomal rRNA from a microorganism. 

For nucleic acid quantification, for example for gene counting or to determine 
micro-organism abundance, it is of great benefit if a different target nucleic acid is 
present in the same sample during amplification to act as a separately detectable 
30 internal control. 

Amplification Reaction 
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The initial reaction conditions such as temperature are preferably selected so 
that they are suitable for annealing of the sequence-specific portions of the primers to 
the target sequence in a sequence specific manner. Such conditions may readily be 
determined by a person skilled in the art. The initial reaction conditions may be 
5 required for at least the first 2 cycles, such as the first 3 to 20, 4 to 1 8 or 5 tol 5 
cycles, preferably 7 to 12 cycles, in order to accumulate statistically adequate 
numbers of molecules even if starting from one molecule in the original DNA 
sample. After enough extended products incorporating overhangs are accumulated, 
for subsequent cycles of amplification the annealing temperatures may be increased 
10 to suitable levels for the complete primers, including overhangs since these will have 
a higher melting point than the short sequence-specific portions engaged initially. 
The person skilled in the art will readily be able to determine suitable reaction 
conditions using well-known techniques. 

Where simultaneous detection of two or more nucleic acids is carried out 
15 using two or more primer pairs the PCR reactions may be carried out in the same 

reaction vessel. It is preferred that the PCR reactions using the different primer pairs 
are carried out in the same reaction vessel. If the method is being used to determine 
the relative abundance of two or more target nucleic acids from a sample it is 
particularly preferred that the primer pairs are all present in the same reaction. 
20 Performing a method for the detection of more than one sequence in the-same vessel 
is preferred because it gives reduced probability of errors. This is because the 
amplification process is near exponential and can result in very different quantities of 
product produced from very small differences in the starting materials. The reaction 
is also very sensitive to small differences in conditions of the reaction such as the 
25 temperatures and chemical constitution of the reactants and these may vary for 
different wells during the amplification process. 

In one embodiment, a label is added to the PCR reaction, for example 
radioabelled or fluorescently labelled nucleotides, such that the label is incorporated 
into the PCR products. Other suitable labels include colourimetric and 
30 chemiluminescent labels. 

The present invention also provides a PCR product having a sequence 
comprising: 
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(a) 



a sequence identical to the sequence a nucleic acid amplified by the 
PCR; 



(b) 



a sequence complementary to the overhang sequence of a first primer 
used in the PCR, which sequence is complementary to a probe; and 
a second primer comprising an attachment means used in the PCR. 



5 



(c) 



Separation 

The two strands of the double-stranded PCR product produced in a method of 
the invention are typically separated using the attachment means present on the 
10 second primer or the attachment means present on the first and second primers. 

Either the first strand, i.e. the strand comprising the first primer, or the second strand, 
i.e. the strand comprising the second primer, may be used for further analysis. 

The strand which is not being used for detection of the PCR product, 
intermediate products and primers that are the same as those incorporated into the 

15 PCR product not being used for detection are typically removed prior to detection to 
prevent them competing with the probe(s) used for detection. 

The PCR products are preferably denatured, for example using 100-400mM 
sodium hydroxide or by heating to melt the strands. This may be carried out before 
or after the binding of one or both of the strands to a surface via attachment means 

20 incorporated into the primers used to amplify the strands. After said attachment has 
occurred, unbound nucleic acid may be removed by washing. The strand of interest 
mayrfcmain attached to the surface and ready for detection, for example by 
hybridisation with a probe. Alternatively, the strand of interest may be the strand 
which is not bound to the surface. This strand may then be attached to a second 

25 surface for analysis. 

Both primers may comprise the same attachment means, for example both 
may be biotinylated, so that all the synthesised molecules and remaining primers will 
become bound to the surface and will not be in a position to compete with the probe. 
In this instance, a denaturing step is performed prior to attachment to the surface. 

30 This is conditional on the number of binding sites on the bead or well or other 

surface being equal to or greater than the number of molecules with attached binding 
moieties in the reaction aliquot added. Removal of competing oligonucleotides 
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typically reduces the risk of non-linearity as would occur if any smaller molecules 
with higher mobility than the product of interest were to preferentially occupy the 
available binding sites. 

The first primer may comprise a different attachment means to the second 
5 primer so that, following denaturation the two strands of the PCR product may be 
separated by selective removal of the undetcted strand. For example, if the strand 
that is not for use in the detection step is biotinylated, competing products may be 
removed after denaturation by attachment to streptavidin-coated beads, or other such 
surface followed by a washing step. The beads may be magnetic, in which case, 
10 following incubation of the beads with the sample of amplified nucleic acids, the 
beads niay be removed using magnetic fields. The attachment means on the primer 
which will be incorporated into the undetected strand may also be magnetic such that 
the undetected products may be removed by attaching to a magnetic surface. One 
advantage of this method is that the quantity of beads is not critical for the assay 
15 excepting being adequate to remove the competing products. 

One strand of the PCR product will typically comprise: 

(a) a sequence identical to the sequence of the target nucleic acid; 

(b) a sequence complementary to the overhang sequence of the first PCR 
primer; and 

20 (c) a second PCR primer and attachment means. 

Generally separation will be carried out such that this strand may be detected 
using a universal probe. The second PCR primer comprises an attachment means. 
Accordingly, one strand of the PCR product will comprise the same attachment 
means at its end. This strand, referred to herein as the second strand, may be 

25 immobilised on a surface via the attachment means. 

Any suitable surface may be used, for example, a plastic multiwell plate, such 
as a microtitre plate, or beads, such as magnetic beads, may be used. The surface 
will generally be coated with a binding partner of the attachment means. For 
example, where the attachment means is a biotin moiety, the PCR product may be 

30 immobilised on a streptavidin-coated surface. Where the method of the invention is 
being used for the detection of two or more target nucleic acids, the PCR products 
will be generated using different primer pairs and may thus include different 
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attachment means to separate the different products. Where biotin is the attachment 
means on one product another binding means may be present on the other product(s) 
and they may be bound to wells coated with suitable specific binding substances. 
Where the second primer comprises an overhang sequence, the overhang 
5 sequence will be incorporated into one strand of the PCR product. The overhang 
sequence may be used to attach the product to a surface by binding to an anchor 
sequence which is complementary to the overhang sequence. The product may thus 
be attached to the surface (captured) by hybridisation. The product may be bound to 
an oligonucleotide comprising the overhang sequence prior to immobilisation of the 
10 oligonucleotide. It is preferred that the product is bound to oligonucleotide that is 
already immobilised. A number of different complementing anchor molecules and 
overhang sequences may be utilised to enable the rapid and simultaneous detection 
of multiple target nucleic acid sequences. Each second strand produced using each 
of the primer pairs is attached to a different surface. Each different surface may have 
15 a different anchor oligonucleotide immobilised thereon. The different surfaces may 
be separate wells in a multiwell plate or separate spots on an array. 

Different but known anchor sequences may be immobilised in separate wells 
of a plate or placed in an array forming a "zip-code". Each sequence on the plate or 
array would therefore be known. In multiplex PCR, where a number of sequences 
20 are amplified at the same time, the primers would be synthesised to suit-both the - 
target DNA and the immobilised anchor molecules on the plate. Each amplified 
product will typically hybridise specifically to a particular well (or position in an 
array) and, therefore, all products may be detected using the same probe or probes 
throughout and using exactly the same hybridisation protocol. This is in contrast to 
25 usual array techniques where the sequence used must be picked to allow for the 

uniform hybridisation conditions required or allowance made for different degrees of 
. hybridisation through standardisation. 

Use of the overhang sequence on the second primer as an attachment means 
is also advantageous over the use of a biotin-steptavidin system in that it is cheaper 
30 to use due to the fact that streptavidin-coated plates are expensive. 

Overhang regions for use as attachment means and oligonucleotides 
comprising anchor sequences are typically selected to have similar melting 
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. temperatures as well as being unrelated to the sequence of interest. Preferably the 
anchor oligonucleotides have similar melting temperatures to the probes used so that 
simultaneous incubation is possible. Such plates or arrays are universal and may be 
made in bulk very cheaply. In the laboratory, stocks of plates and the few universal 
5 probes needed may be the same for many different target nucleic acids. Only the 
specific primers (which store well, are quickly obtainable and cheap) are specific to 
the choice of target nucleic acid. Another major advantage of using the same probe 
is that the sequence and hybridisation conditions may be optimised and the same 
protocol may be used for many different assays. Kits may be produced with high 
10 consistency of results guaranteed. Once optimum primer sequences are worked out 
for each system, reliable genetic screening and micro-organism quantification may 
be carried out with only modest levels of skill or by automation. 
One strand of the PCR product will typically comprise: 

(a) a sequence identical to the sequence of the target nucleic acid; 

15 (b) a sequence complementary to the overhang sequence of the first PCR 

primer; and 

(d) a second PCR primer and attachment means. 

The separation step may be carried out so that this strand is removed via the 
attachment means and the complementary strand having a sequence comprising: 
20 (a) a sequence identical to the sequence of the target nucleic-acid; 

(b) the first PCR primer; and 

(e) a sequence complementary to the second PCR primer 

is used in the detection step. In this embodiment the overhang sequence of the first 
primer in the single stranded product is used to both immobilise the product and as a 

25 target for a probe. The probe used is an oligonucleotide comprising a sequence 

which is complementary to the overhang sequence of the first primer. The probe is 
immobilised to a surface and so functions as an anchor sequence in addition to a 
probe. The position of a product on a surface will depend on the position of the 
anchor sequence complementary to the first primer used to amplify the product and 

30 hence multiple targets may be detected simultaneously. Detection in this 

embodiment is preferably by detection of a label incorporated into the product during 
the amplification reaction. 
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Detection 

Immobilisation of the second strand of the PCR product on a surface via the 
attachment means of the second primer typically serves to present the sequence at the 
5 distal end of the molecule which is complementary to the overhang on the first 
primer for detection by a universal probe. Alternatively, immobilisation of the 
second strand of the PCR product on a surface via the attachment means of the 
second primer may serve to remove the second strand, thus enabling the first strand 
to be further analysed. The first strand is typically analysed further by binding to 
10 immobilised probes functioning as anchor sequences. 

. Typically the second strand is detected. Detection is generally carried out 
using a probe comprising a sequence identical to the sequence of the overhang in 
said first primer. 

The probe may comprise a detectable label. Any suitable detectable label 
15 may be used, for example a fluorescent, chemiluminescent, colourimetric or 

radioactive label. Preferably the label is a chelate containing a rare earth element 
such as Europium, Samarium or Terbium. Detection of the label may be by 
radioactive, fluorescent, chemiluminescent, colourimetric or time-resolved 
fluorescent means. 

20 The detecting step typically comprises binding said probe to said second - 

strand of product and monitoring said binding. 

* In an embodiment where the attachment means on the second primer is an 

overhang sequence and multiple target nucleic acids are amplified in the same assay, 

each said second strand produced using each of the primer pairs may be detected 
25 using the same probe but will be bound to different anchor oligonucleotides. at 

defined positions on a surface and so may be distinguished on the basis of the 

position on the surface to which they are attached. 

Alternatively, where it is desired to detect the presence of two or more target 

nucleic acid molecules in a sample, co-amplification of two or more target sequences 
30 may be bound to the same surface and detected using different probes. Hence, the 

multiple target sequences may be detected in the same sample well. This may be 

used for example in an assay for determining the relative abundance of two or more 
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target nucleic acids. In this embodiment, one target sequence is produced using a 
first primer with a first overhang sequence and a second target sequence is produced 
using a first primer with a second overhang sequence. A probe comprising a 
sequence identical to the first overhang sequence and a first label is used to detect the 
5 first target sequence and a probe comprising a sequence identical to the second 
overhang sequence and a second label is used to detect the second target sequence. 
The ratio of measurement of the labels will give the relative abundance of the first 
and second target sequences and, if compared to that of known standards processed 
in parallel in the same sample plate, will allow quantification of the nucleic acid(s) 
10 present. 

. Two primer pairs may be used to amplify two variants of a single nucleotide 
polymorphism (SNP), and the proportions of product produced using each of the 
primer pairs is monitored to determine whether said individual is homozygous or 
heterozygous for said SNP. In a preferred embodiment, PCR amplification of a 

15 target sequence is prevented where there is one or more mismatch between the target 
nucleic acid sequence and the target specific sequence of a primer. Typically, a 
mismatch at the internal end of a primer will inhibit synthesis and hence prevent 
amplification whereas perfectly matched primers will result in detectable product. 
For example, the amplitude refractory mutation system (ARMS) technique or the 

20 technique described in European patent No. 0 332 435 may be used. In -the ARMS 
technique, primers which end 3' at a mutation site and also have a penultimate base 
unmatched will not initiate DNA synthesis, but a single mismatched site will initiate 
synthesis. Methods for selecting suitable mismatch primers will be readily apparent 
to a person skilled in the art. 

25 Where the first strand of the PCR product is detected following removal of 

the second strand, the first strand is typically bound via the overhang sequence on the 
first primer to an anchor sequence immobilised on a surface. Binding is then 
detected by detecting a label that has been incorporated into the PCR product during 
PCR amplification. The label may be a radioactive, colourimetric, chemiluminescent 

30 or fluorescent label and may be detected by any suitable means known in the art. For 
simultaneous detection of multiple target sequences, the overhang sequence on each 
first primer in a set of primers is a different sequence. For each target sequence the 
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first strand of the product will be complementary to a different anchor sequence. The 
anchor sequences may be arranged in a known pattern on a surface. The products for 
all target sequences will contain the same label and so can be detected in the same 
manner. The pattern of labelling will enable the target sequences present to be 
5 distinguished. 

Where the overhang sequence comprises a restriction enzyme site, the probe 
may comprise a fluorescer and a quenching agent, which quenching agent reduces 
the light output from the fluorescer upon excitation. The fluorescer and quenching 
agent are typically positioned such that they are physically separated by the action of 
10 a restriction enzyme, i.e. they are located on opposite sides of the restriction enzyme 
cleavage site. In this embodiment, incubation of the PCR products and probe(s) with 
a suitable restriction enzyme will result in fluorescence only if the target nucleic acid 
was present in the sample. If the probe and restriction enzyme are added at the end 
of the PCR amplification, no denaturation step will be required and the resulting 

1 5 fluorescence will be proportional to the quantity of the desired product. 

Where multiple target sequences are detected simultaneously, the overhang 
sequences in each of the first primers in a primer set may comprise a different 
restriction enzyme sequence. The target sequences present in a sample may then be 
distinguished on the basis of which restriction enzyme(s) produce a fluorescent 

20 product. 

Kits'- 

The present invention provides kits for carrying out the method of the 
invention. A kit according to the invention typically comprises: 
25 ( a ) ^ oligonucleotide probe comprising the same sequence as an 

overhang sequence of a PCR primer; 

(b) an immobilisation surface; 

(c) a means for detecting said oligonucleotide probe; and 

(d) optionally a primer pair suitable for use in detecting a target nucleic 
*° acid, which primer pair comprises: 

(i) a first primer having a target specific sequence complementary 
to the sequence of the first strand of said target nucleic acid 
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and an overhang sequence unrelated to said target nucleic acid 
sequence; and 



5 



(ii) a second primer having a target specific sequence 

complementary to the sequence of the second strand of said 
target nucleic acid and an attachment means. 



Generation of nucleic acid sequences not present in genomes 



In order to carry out the invention method, DNA sequences for both the 
universal overhang and specific inner portions of the primers will need to be devised. 
10 The genetic sequence is composed of the four bases cytosine, thymine, guanine and 
adenine. The length of a sequence varies according to the organism, for example, 
the human genome contains about 3E 9 bases. 

If the DNA sequence devised were random, then the total number of possible 
sequences for a probe of length x bases will be of 4\ For example, for a probe of 
15 length 10 (lOmer), there will be 4 10 = ~ IE 6 possible different sequences. In the 

human genome 3E 9 /1E 6 = 3000 lOmer sites will be present by chance alone. Such a 
sequence would be useless for probing the whole human genome. For a random 
sequence probe 20 bases long however there are 4 20 = -IE 12 possible and hence only 
3E 9 /1E 912 = .003 of a site expected by chance alone in the human genome. For a 
20 single probe this would be acceptable but now, sequences are often immobilised as 
an array of many thousand separate spots and mixtures of nucleic acids applied and 
spuricius hybridisation could give rise to false positive results. 

It is a recognised method whereby a series of sequences are immobilised to 
the wells of a plate or form an array, and this is sometimes known as a zip code 
25 technique. In the present invention, the sequences need to be known to be absent 
from the genome or genomes of interest and will then constitute a universal array or 
plate without danger of spurious hybridisation. 

In such a case, multiplex PCR could add a suitable zip code using one end of 
the PCR products and general incorporation of label or the use of a labelled primer 
30 capable of hybridising to the other end may be used to detect the target nucleic acids 
present. A mixture, which may include consensus sequence(s) with different 
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label(s) as controls, may be applied to the plate or array, washed and hybridised to 
give label at each position selected by the zip code and by the sequence specified 

The present invention requires a selection method for each oligonucleotide to 
be considered for the overhang technique. As a first step all possible sequences are 
5 generated for a particular suitable length of oligonucleotide. Every sequence found 
within the sequence(s) of interest are then rejected. The sequence of interest may 
include the whole genome concerned. A list of oligonucleotides not present in the 
PGR product or the genome is thereby generated and use of these is necessary for the 
present invention. Many of these can be rejected through having secondary 

10 structures such when the oligonucleotide hybridises to itself producing a hairpin and 
such selection is well known to those skilled in the art. Some of these can also be 
rejected if the 3' ends of one oligonucleotide are found to complementary to the 5' 
end of the other oligonucleotide, as this makes the combination prone to undesirable 
primer-dimer formation. 

15 The initial amplification used in this invention uses the inner portions of the 

primers that are specific to the sequence to be amplified. After full-length 
amplification products are formed the complete primers are thereon involved. The 
melting point of the inner portions of both primers will therefore need to be matched 
to set the annealing temperature for at least the first two amplification cycles; usually 

20 a few degrees below the melting point. The melting points of the entire- primers -will 
also need to be matched for subsequent amplification with correspondingly higher 
annealing temperatures. This has the effect of preventing further amplification of 
target sequences using the inner portions of the primers and therefore reduces the 
chance of spurious products. Any sequence has a characteristic melting point that 

25 can be calculated by well-known algorithms according to the proportion of different 
bases present. Oligonucleotide pairs for use in the overhang PCR detection system 
can therefore be designed to have similar melting points for both the inner portions 
and the entire primer length. These can be formulated by conventional methods by 
those skilled in the art. 

30 Considering the present invention, if say an inner primer is 12 bases long then 

4 12 in 3.1xl0 9 bases will give about 185 sites in the whole genome. This will mean 
that a site will on average be every 1.7 million bases which makes it unlikely that 
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amplification could extend in the first two cycles from a chosen site to an unwanted 
complementary primer site and so produce spurious amplification products. If the 
entire primer is say 24 bases in length then the further amplification is most unlikely 
to produce any spurious products per se. It might be thought that the length of the 
5 primers, both inner and universal portions could be increased until there is very little 
chance that unsuitable annealing could take place. The whole length of the primer 
would then have a melting point that that could exceed the optimum temperature for 
the DNA polymerase and even approach the temperature required for melting the 
target DNA. These limits are well known to those skilled in the art. 
10 This invention therefore provides a method for the generation of 

oligonucleotides not present in the sequence of interest, whether it is a PCR product 
or a genome but that are suitable for use as overhang-primers in the universal probe 
system. 

15 The following Examples illustrate the invention. 

Example 1: Assay conditions - plates background linearity and capacity 

Several parts of the invention require immobilisation of DNA products to 
streptavidin-coated surfaces, for example, plastic plates or beads that may also be 

20 magnetic. Three different plates were investigated for their capacity to, bind using a 
12-long (12mer) random nucleotide test probe with biotin at the 3' end and a labelled 
5 5 end: The label was Europium atoms trapped in chelates covalently linked to a tail 
of modified cytidines on the 5* end of the probe (5' Eu (20 modified cytosines) 
TAATAAGACATCC- Biotin 3 '(SEQ ID NO: 1)). Such atoms exhibit a long 

25 fluorescence when treated with an enhancement solution containing another chelate 
and can be measured by suitable plate readers by a time-resolved fluorometry 
technique that is well known to those skilled in the art. In the examples described 
below, any suitable label could be used, as the invention does not depend on the 
particular type of label employed. 

30 Three commercial streptavidin plates were tested by shaking probe in lOOpl 

commercial (Wallac Oy, Finland) TRIS buffer, diluted 1:1 with deionised water and 
with the addition of 2M NaCl, at pH 8.4 for 40 mins at room temperature (RT), 
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washed 6x with Wallac wash solution. Enhancement solution was added and the 
plate shaken for 30 min. At high concentrations the amount of time-resolved 
fluorescence would excede the capability of the instrument (>30million counts per 
second) so a fixed concentration of probe (lOfmol) was used but diluted with plain 
5 unlabelled streptavidin. Although the molecular weights were very different and 
substitution should not be strictly correct,, the shaking ensured distribution of the 
molecules and even binding. The result was that the fluorescence was linear up to 
the capacity of the particular plate as shown in Table 1 . Backgrounds were also 
measured and varied between the different plates. Plate A was low backgound but 
10 unstable, comparing immediate counting with counting 30 mins later. Plate B had a 
low background and was quite stable and Plate C was high background but very 
stable. Plate A had limited capacity (~lpmol) while Plates B and C could bind at 
least lOpmol. Plate B was less expensive. 

15 Table 1 : Binding of Eu-labelled test probe to compare streptavidin plates 
(counts/sec). 



Probe 

concentration 
(log moles) 


-13 


-12 


-11 


-10 


Bg 

(30min) 


Plate A 


6.5E7 


7.6E8 


2.2E9 


5.4E8 


332- - - 
(514) 


Plate B 


8.7E7 


8.9E8 


7.7E9 


1.3E9 


290 
(362) 


Plate C 


8.4E7 


8.4E8 


8.9E9 


3.0E9 


1275 
(1244) 



A dilution series of test probe was also used to measure binding linearity at 
20 low levels as shown in Table 2. The same amount of at each dilution was also 
measured directly. 

Linearity of binding was down to at least lOamol and only constrained at 10 
lOOfmol where the high counting rate not being capable of resolved by the counter. 
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Table 2: Binding of test probe to show binding linearity at low concentrations* 



Moles of 
probe 


-17 


-16 


-15 


-14 


-13 


Bound cps 


7.4E3 


7.6E4 


6.9E5 


8.8E6 


2.6E7 


Maximum 


2.4E4 


2.5E5 


2.2E6 


1.8E7 


2.8E7 


% bound 


32 


33 


35 


52 


104 
(non- 
linear 
counting) 



5 Example 2: Hybridisation 

In methods of the invention, there is reliance on hybridisation of short 
oligonucleotide probes to resultant immobilised single stranded DNA. To make sure 
this aspect of the detection procedure was adequate, two probes were obtained with 
different random sequences, one labelled with Europium and the other Samarium as 
10 shown in the list of probes and oligonucleotides. In addition, two 5'biotinylated 
79mer oligonucleotides were synthesised having the same random sequence, apart 
from 3 'complementary sequences, one detectable by the Eu and the other by the Sm- 
labelled probe. 

15 Test Sm Oligo 

- * . <• 

SmGAACTCTCCTCG (SEQ ID NO: 2) 

3 ' CTTGAGAGGAGCCCCGATGTTTTGGTGACGAAAGAATTACGCAAGGAGCGCTCAG 
CAGGCTACGACTTCTCCATTCCCG-Bio (SEQ ID NO: 3) 

20 

Test Eu Oligo 

EuGGATATCACCCG (SEQ ID NO: 4) 

3 ' CCTATAGTGGGCCCCGATGTTTTGGTGACGAAAGAATTACGCAAGGAGCGCTCAG 
25 CAGGCTACGACTTCTCCATTCCCG-Bio (SEQ ID NO: 5) 

These targets were immobilised at various concentrations on streptavidin- 
coated plates (A or B) and using the Eu-labelled probe at 4ng/200ul well and lOng 
for Sm. The hybridisation buffer was again the commercial TRIS assay buffer from 
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Wallac Oy, Finland, diluted 1:1 with deionised water and with the addition of 2M 
NaCl. Incubations at RT for 60 mins were followed by 6x washes in Wallac TRIS- 
based washing solution diluted 1 : 1 with deionised water. 200ul enhancement was 
added and the plate shaken for 30 min before counting. 

5 

Table 3: Binding (c ps) of 4nR Eu probe or IQng Sm probe to immobilised 79-mers 



79mer concentration log mol 


-12 


-13 


1 -14 


-15 


Eu probe plate A 


2.1E6 


3.2E5 


3.4E4 


2.7E3 


Eu probe plate B 


2.6E6 


4.7E5 


1.5E4 


1.4E3 


Sm probe plate A 


| 7.8E4 


9.5E3 


9.3E2 


ND 


Sm probe plate B 


9.9E4 


1.2E4 


6.9E2 


ND 



The high cps and range available make this assay suitable for demonstrating 
10 the invention. The availability of these probes and oligonucleotides also allowed 
examination of other steps that would be used in the detection procedures for their 
optimisation. These steps will be familiar to those skilled in the art but are offered as 
reassurance that the assay used here can be regarded robust. 

One aspect is the pH of the hybridisation buffer. A series of 12 TRIS buffers 
1 5 were made up to formula giving pH ranging from 8 to 9. These were measured and 
found in good agreement with that expected. Salt was added to 2M and bovine 
serum albumin to 0.2% in order to reduce non-specific binding. Binding of Eu- 
labelled probe to the 5' biotinylated 79mer oligonucleotides immobilised to 
streptavidin plates changed by only 20%, decreasing from pH8 to pH9. In some 
20 assays DNA denatured by the presence of 200mM NaOH was added to the buffer in 
aliquots that amounted to 5% of the final volume. The buffering action allowed the 
pH to remain in the range pH8-9 and hence had no significant effect on 
hybridisation. 

Occasionally EDTA chelator may be needed to reduce Mg^ ions in order to 
25 reduce the effect of any remaining Mg 14 on promoting DNA polymerase activity. It 
was found that for buffers containing 0.5M or 2M salt, that concentrations of 50mM 
or below of EDTA did not affect non-specific binding 
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Another variable is the stringency used both for hybridisation and for 
washing the plates free of unbound material. For these hybridisations, salt was added 
to the Wallac buffer, previously diluted 1 : 1 with water up to 1M or 2M. Very little 
difference was seen in non-specific hybridisation background and hybridisation 
5 binding was little different as shown below in Table 4. 



Table 4: Hybridisation at 1 and 2M salt buffer for 4ng of Eu or lOng Sm-labelled 
probes per well to biotinylated 79mers immobilised to a streptavidin coated plate. 



cps (n=3) ± SD 


1M salt hybridisation 


2M salt hybridisation 


Eu probe 


594733±23381 


536304+19645 


Sm probe 


18542±592 


17288+2418 



10 

For the washing efficiency the Wallac wash solution (150mM salt), was 
tested by dilution at 150, 100, 75, 50, 25 and 12.5mM using Sm-labelled probe at 
lOng/well and Eu at 4ng/well to hybridise to biotinylated 79mer targets at 
lpmol/well, immobilised to streptavidin plates for 60 mins. Samples of wells as 

15 strips of 12 were washed 6 times with the different wash solutions. The Sm bound 
non-specifically to the Eu targets was approximately 2% and showed no effect with 
NaCl concentration. The higher Eu cps showed a small reduction in non-specific 
binding with higher salt 0.033% at 12.5mM compared with 0.056% at 150mM. 

Binding for both probes rose with salt concentration in the wash but was not 

20 much increased above the 50mM dilution as % of total label added as shown in Table 
5. These are expressed as % of total label placed in each well monitored by adding 
an aliquot directly to uncoated wells containing enhancement solution. 



25 
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Table 5: Hybridisation of 4ng Eu or lOng Sm-labelled probe to lpmol biotinylated 
79mer oligonucleotides immobilised to wells of a streptavidin coated plate. 



mM salt wash 


12.5 


25 


50 


75 


100 


150 


% binding of 
Eu-probe 


14.5 


16.7 


18.4 


18.9 


19.5 


19.9 


% binding of 
Sm-probe 


13.6 


15.0 


15.6 


16.0 


16.9 


16.6 



5 These experiments show that the labelling technique to be used to 

demonstrate the invention has good efficiency with high numerical precision and has 
low background and non-specific binding. It can also be used for double labelling in 
the same microtitration well. There is little counting spillover between the two 
counting channels of the different labels. This small interaction allows ratios of 
10 counts from the different labels to be used enabling internal controls or standards to 
be employed. 

The short oligonucleotide probes used in the detection process for this 
invention will have relatively low melting points making dissociation after 
hybridisation possible and resulting in loss of signal. In the examples of probes used 

15 here, the melting point, according to the formula by R B Wallace et al in Nucleic- 
Acid Research, should be approximately 38° in the presence of 0.9M salt When 
hybridised at room temperature (RT), which can obviously vary, there will be an 
equilibrium between binding and spontaneous, dissociation through temperature 
exacerbated by low melting points in the oligonucleotides. When washing plates with 

20 low-salt washing solutions, much material could be lost with a resultant loss of signal 
and increased sample variance. 

The loss during hybridisation was investigated by binding probe to the 
biotinylated target used above, for 60 mins at RT in the presence of 1M salt. lOfinol 
was used for the Eu-labelled probe and lOOfinol for the Sm-labelled probe. The plate 

25 was then washed once and the wells refilled with the same buffer without probe. A 
zero time control was washed 6 x and Wallac enhancement solution added for 30 
min while other wells were removed and washed at different times thereafter. The 
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results shown below in Table 6, revealed a decrease in the amount of bound probe 
that stabilised to an exponential loss of about 6 % per hour as measured by time- 
resolved fluorometry. 



5 Table 6: Loss of IQflnol Eu-labelled probe and lOOfinol Sm-labelled probe 
hybridised to 79mer targets immobilised to streptavidin plates by 5' biotin. 



Time (min) 


Eu-probe (10fmol/well)cps 


Sm-probe(100fmol/well) cps 


0 


21313 


11165 


30 


14899 


10601 


90 


14777 


9409 


150 


11567 


7597 


210 


11763 


7541 



This loss of material can be reduced by the addition of a low-temperature 
10 DNA polymerase to the well during hybridisation, along with the usual other 

reagents for DNA synthesis. The probe will then be extended along the immobilised 
target. As the numbers of bases synthesised increases, the binding will become 
tighter and less likely to dissociate spontaneously or through the washing step. As a 
result the washing procedure can be made more stringent and hence the assay will be 
15 improved in efficiency and robustness. An example of improved signal by this 
method is shown in Table 7 where about 19% higher signal was observed. 

Table 7: Effect of Klenoy DNA polymerase extension of Eu 1 Ofinol/wellXand Sm- 
20 labelled (100finol/well) probes hybridised (1M salt) for 90min to 79mer targets 
immobilised to streptavidin plates by 5* biotin. 



cps 


Klenov probe extension 


Control no extension 


Eu-labelled probe 


13296 


11163 


SD (n=2) 


499 


403 


Sm-labelled probe 


13714 


11512 


SD (n=2) 5 


613 


491 
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For a similar situation but where the DNA is immobilised by binding to a 
target already attached to the plate in what is known as a sandwich detection system. 
The method described here could be used in a similar treatment but where some 
5 types of DNA polymerase would advance along to the target, and through their 5* 3 
endonuclease properties, could break the binding of the immobilised target fragment 
and defeat the object of the exercise. In such a case polymerase without this property 
such as the Klenov fragment should be used, with the advantage that this material is 
not expensive. Alternatively the extension could be restricted by addition to the well 

10 of chain terminator such as dideoxycytidine. Whenever this base is incorporated the 
synthesis will stop i.e. after 4 bases on average, but of course depending on the 
sequence involved. If it is included as a minority compared with the correct precursor 
deoxycytidine then statistically synthesis will continue until chance favours 
incorporation of the chain terminator. For example if there is one dideoxycytidine 

15 molecule for every 9 deoxycytidines the average chain length will terminate after 10 
cytidines are added on average so the chain will be 10 times longer i.e. 40 bases 
rather than 4. By knowing the sequence the calculation can be made with confidence 
and the average extension made suitable for the purpose of increasing binding in an 
economical fashion whatever the ambient temperature but without disruption of the 

20 immobilisation in a sandwich detection system. 

Example 3: overhang synthesis and detection 

This experiment used Ipmol each of two overhang primers, with the 
overhangs suitable for the Eu and Sm-labelled probes, together with 2pmol of a 
25 biotinylated common primer. A target suitable for amplification by the overhanging 
primers and detectable by either Eu or Sm probes to the respective overhangs was 
synthesised. This was also included at Ipmol. The primers are shown in the list 
below and had inner specific primers with melting points 53-54° so an annealing step 
of 50° was used in the initial amplification reaction. 

30 

Primers and target 

Overhang primer for Sm probe - 5 ' gaactctcctcg cccgatgttttggtga 3 ' 
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(MP 74.9, 53.7 w/o overhang) (SEQ ID NO: 6) 

Overhang primer for Eu probe - 5' ggatatcacccg cccgatgttttggtga 3' 
(MP 76.4, 53.7 w/o overhang) (SEQ ID NO: 7) 

Common primer - 3 ' AGTCGTCCGATGCTG AAGAGGTAAGGGC -Biotin 5' 

5 (MP 73.4, 53.4 w/o overhang) (SEQ ID NO: 8) 
(Overhangs are underlined) 

Target - 5 9 cccgatgttttggtgacgaaagaattacgcaaggagcgctcagcaggctacgact 3 ' 
(SEQ ID NO: 9) 

10 The procedure was to amplify conventionally with Taq polymerase (Promega 

Multimix), cycling at 94° for 30sec, 50° for 30sec and 72° synthesis for 1 min. After 
two such cycles the synthesis was expected to be as shown below (for the Sm- 
specific probe only). After this a similar single cycle but with a 30 second 65° 
annealing step should synthesise the overhangs, one of which would be 

1 5 complementary to the probes. 



Synthesis 1 

5' gaactctcctcgcccgatgttttggtga — not used in this first synthesis 

20 5 ' cccgatgttttggtgacgaaagaattacgcaaggagcgctcagcaggctacgact 

3 ' gggctacaaaaccactgctttcttaatgcgttcctcgcga gtcgtccgatgctgaagaggtaagggc~bio 
synthesis (SEQ ID NO: 10) " " 

Synthesis 2. after melting 

25 

(SEQ ID NO: 1 1) synthesis = ' * 

5 ' GAACTCTCCTCGCCCGATGTTTTGGTG ACGAAAGAATTACGCAAGGAGCGCTCAGCAGGCTACGACTTCTCCATTCCCG 
3 ' GGGCTACAAAACCACTGCTTTCTTAATGCGTTCCTCGCG AGTCGTCCGATGCTGAAGAGGTAAGGGC- 
30 BiO ~~ 

Synthesis 3. after melting 



5 ' GAACTCTCCTCGCCCGATGTTTTGGTG ACGAAAGAATTACGCAAGGAGCGCTCAGCAGGCTACGACTTCTCCATTCCCG 
35 3' CTTGft G AGG AGCGGGCT AC AAAACC ACTGC TTTCTT AATGC GTTCC T C GCG AGTCGTC CG ATGCTGAAGAGGTAAGGGC Bi Q 

^ (SEQ ID NO: 12) 

synthesis with 65° annealing 

40 
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Detection., after alkali and wash to remove non-biotinylated strand 

Eu-GAACTCTCCTCG 

5 3' CTTGA6AGGAGC GGGCTACAAAACCACTGCTTTCTTAATGCGTTCCTCGCG AGTCGTCCGATGCTGAAGAGGTAAGG6C- 

Bio " ' ' 

The experiment was performed with and without Taq polymerase and for 
both primers possessing the suitable overhangs for the two probes. The samples were 

10 incubated for 40 minutes in a streptavidin coated plate (Plate A). After incubation, 
the samples were washed lx with wash solution, treated with 200mM NaOH and 
washed lx. Hybridisation buffer and probe were then added. After 60 mins the 
plates were washed 6x and enhancement solution added for 30 min before counting 
by time-resolved fluorescence. The results are shown in Table 8. No activity was 

15 detected if Taq was absent showing that the non-specific probe did not bind 

significantly to the opposite synthesised targets. The presence of signals (shown in 
italic in Table 8) shows the new universal sequence was present, complementary to 
the probes and not present in the original target sequence. 

20 Table 8: Hybridisation of universal probe to newly synthesised universal overhang 
sequences as cps ± SD fn~2) 



Targets 


Sm +Taq 


Sm - Taq 


Eu + Taq 


Eu - Taq 


Mean Eu cps 


9018 


7884 


384063 


8660 


±SD 


1934 


612 


2040 


516 


MeairSm cps 


3047 


325 


730 


296 


±SD 


210 


144 


384 


8 



A second experiment was performed where the target was diluted and the Eu 
25 specific overhang primer used. The samples were subjected to two lower 

temperature-annealing cycles as before, followed by different numbers of higher 
annealing-temperature (65°) cycles to amplify the full-length product. The same 
detection procedure was followed using a plate B and the results shown in Table 9. 
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Table 9: Hybridisation of universal probe to newly synthesised universal overhang 
sequences as cps for different target dilution vs. different numbers of higher 
temperature annealing amplification cycles 



cps of Eu 


Moles of target 


No. cycles 


1E-11 


1E-12 


1E-13 


1E-17 


1E-21 


1 


1.6E6 


1.6E4 








6 




1.9E6 


2.1E4 






11 




2.9E6 


4.2E6 


2.6E3 




16 






3.2E6 


3.4E3 


1.5E4 


21 






4.3E6 


3.1E4 


2.3E4 


26 








4.6E5 


6.3E5 


31 










6.0E5 



5 The results show clearly that extensive amplification has occurred since the 

cps rises after greater numbers of cycles as the target is progressively diluted and 
demonstrates that the basic invention is achieved. 
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CLAIMS 



1. 

5 

10 
15 
20 

2. 
3. 

25 

4. 

5. 

30 

6. 
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A method for detecting a target nucleic acid in a sample, which method 
comprises: 

(a) providing a primer pair comprising a first primer having a target 
specific sequence complementary to the sequence of the first strand of 
said target nucleic acid and an overhang sequence unrelated to said 
target nucleic acid sequence and a second primer having a target 
specific sequence complementary to the sequence of the second strand 
of said target nucleic acid and an attachment means; 

(b) contacting a nucleic acid sample with said first and second primers; 

(c) carrying out a polymerase chain reaction (PCR) under conditions 
suitable for the formation of a product having said attachment means 
and a sequence comprising the sequence of said target nucleic acid 
and the sequence of said overhang; 

(h) separating the first strand of said product comprising said first primer 
from the second strand of said product comprising said second primer 
using said attachment means; and 

(i) detecting said first strand or said second strand 

thereby detecting whether said target nucleic acid is present in said sample. 
A method according to claim 1, wherein step (d) comprises attaching said 
second strand to a surface via said attachment means. 

A method according to claim 2, wherein step (d) further comprises denaturing 
said product and washing to remove removing any nucleic acid molecules not 
attached to said surface. 

A method according to claim 2 or 3, wherein said second strand is detected in 
step (e). 

A method according to any one of the preceding claims, wherein detection in 
step (e) is carried out using a probe comprising a sequence identical to the 
sequence of the overhang in said first primer. 

A method according to claim 5, wherein said probe comprises a detectable 
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A method according to claim 6, wherein said label is a chelate containing a 
rare earth element. 

A method according to claim 7, wherein said rare earth element is Europium, 
Samarium or Terbium. 

A method according to any one of claims 5 to 8, wherein said detecting 
comprises binding said probe to said second strand of product and monitoring 
said binding. 

A method according to claim 9, wherein said binding is monitored by 
radioactive, fluorescent, chemiluminescent, colourimetric or time-resolved 
fluorescent means. 

A method according to any one of the preceding claims, wherein said second 
primer comprises an overhang sequence. 

A method according to any one of the preceding claims, wherein said 

attachment means on said second primer comprises a biotin moiety. 

A method according to claim 12, wherein step (d) comprises binding said 

second strand via said biotin moiety to a streptavidin-coated surface. 

A method according to any one of claims 1 to 1 1, wherein said attachment 

means on said second primer comprises an overhang sequence 

complementary to an anchor sequence. 

A method according to claim 14, wherein step (d) comprises binding, said 
second strand via said overhang sequence to a surface on which an 
- oligonucleotide comprising said anchor sequence is immobilised. 
A method according to claim 14, wherein step (d) comprises binding said 
second strand via said overhang sequence to an oligonucleotide comprising 
said anchor sequence and immobilising said oligonucleotide to a surface. 
A method according to any one of the preceding claims, wherein said first 
primer further comprises an attachment means. 

A method according to claim 1 7, wherein said first primer and said second 
primer comprise the same attachment means. 

A method according to claim 17, wherein the first primer comprises a 
different attachment means to said attachment means on said second strand. 
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A method according to claim 19, wherein said first primer and said first 

strand are removed by binding to magnetic beads and said first primer and 

said first strand are removed using magnetic means. 

A method according to any one of the preceding claims, wherein a set of 

primers comprising two or more said primer pairs are provided for the 

detection of two or more target nucleic acids. 

A method according to claim 21, wherein: 

(i) each first primer in said set comprises a different overhang sequence 
and a different target specific sequence and each second primer in said 
set comprises a different target specific sequence but the same 
attachment means; and wherein 

(ii) in step (e) each of the products produced using each of the primer 
pairs axe detected using a different probe, each different probe having 
a different sequence and being labelled with a different label. 

A method according to claim 21 or 22 for use in determining the relative 
abundance of two or more target nucleic acids. 

A method according to any one of claims 21 to 23 wherein in step (c) each. 
PCR using a different primer pair is carried out in the same reaction vessel. 
A method according to claim 21, wherein: 

(i) each first primer in said set has the same overhang sequence but a. 
different target specific sequence and each second primer in said set 
comprises a different target specific sequence and a different 
attachment means. 

A method according to claim 25, wherein: 

(ii) in step (d) each said second strand produced using each of the primer 
pairs is attached to a different surface 

(iii) in step (e) each said second strand produced using each of the primer 
pairs is detected using the same probe; and the method further 
comprises: 

(f) distinguishing the nucleic acids present in said sample on the basis of 
the surface to which detectable products are attached. 
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A method according to claim 26, wherein, said different surfaces are separate 
wells in a multiwell plate or separate spots on an array. 
A method according to claim 26 or 27, wherein said attachment means are 
overhang sequences and said different surfaces have different anchor 
oligonucleotides immobilised thereon. 

A method according to any one of the preceding claims for use in 
determining the presence of a single nucleotide polymorphism (SNP) in a 
sample from an individual. 

A method according to claim 29, wherein two primer pairs are used to 
amplify two variants of a SNP, and the proportions of product produced using 
each of the primer pairs is monitored to determine whether said individual is 
homozygous or heterozygous for said SNP. 
A method according to any one of the preceding claims, wherein: 

(i) in step (c) a label is incorporated into the PCR products; 

(ii) in step (e) said label is detected. 
A method according to claim 3 1 , wherein: 

(i) in step (d) said second strands and said second primers are removed 
by attaching said strands to beads via said attachment means; 

(ii) in step (d) said first strands are attached to a surface via binding of 
said overhang region to an anchor sequence immobilisecLon said . 
surface; and 

- (iii) in step (e) said first strands are detected. 
A primer pair suitable for use in detecting a target nucleic acid, which primer 
pair comprises: 

(i) a first primer having a target specific sequence complementary to the 
sequence of the first strand of said target nucleic acid and an overhang 
sequence unrelated to said target nucleic acid sequence; and 

(ii) a second primer having a target specific sequence complementary to 
the sequence of the second strand of said target nucleic acid and an 
attachment means. 

A kit for detecting a target nucleic acid molecule, which kit comprises: 
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(a) an oligonucleotide probe comprising the same sequence as an 
overhang sequence of a PCR primer; 

(b) an immobilisation surface 

(c) a means for detecting said oligonucleotide probe. 
5 35. A kit according to claim 34, which kit further comprises: 

(d) a primer pair suitable for use in detecting a target nucleic acid, which 
primer pair comprises: 

(i) a first primer having a target specific sequence complementary 
to the sequence of the first strand of said target nucleic acid 

10 and an overhang sequence unrelated to said target nucleic acid 

sequence; and 

(ii) a second primer having a target specific sequence 
complementary to the sequence of the second strand of said 
target nucleic acid and an attachment means. 

15 36. A PCR product having a sequence comprising: 

(a) a sequence identical to the sequence a nucleic acid amplified by the 
PCR; 

(b) a sequence complementary to the overhang sequence of a first primer 
used in the PCR, which sequence is complementary to a probe; and 

20 (c) a second primer comprising an attachment means used hi the PCR- 
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3'( II ) antisense i 1 n 1 1 1 t ^ooooooooooooooooooooooooooooooo********** A/ ^AAAAAA 3 

5\ II ) 1 I M M M l +ooooooooooooooooooooooooooooooo********** 5* 

SyntheSiS <~ **********AAAAAAAAAAg 

Products 

5 *( III ) 1 M M M M I 0000000000000000000000000000000* ******** * AAAAAAAAAA 3^ 

3'(IH) ==-M-h ! M M I l Q0O000OCK>O0O00000O0O00O00O0O000**********^ ; > A/ ¥ <AA ^^ 

Alkali denaturation, add aliquot to universal plate with streptavidin beads. 
Competitors for labelling site removed with magnetic beads 



M M M M I >QQCK>OCK>00OO000000000000000000O0********** /WWNA/ ^^ 

nun HH^oooooc>ooooooooooooooooooooooooo********** /www ^^ B-mag.bead 

»»m»m*mamaaaaaaa B-raag.bead 

NB competitors for plate 
Plate l 

- - M I M M 1 M 

(16) 
Plate j= ^- 

' l 1 n 1 l l n 1 0000000000000000000000000000000* ********* 
(Disregarded as long as primer 1. concentration =<no. plate sites as then not saturated) 

Neutralise and hybridise with labelled probe. 

AAAAAAAAAA - Label Eu"^ 

1 M M M M 1 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO* ********* aaaaaaaaaa 

Plate ) 

(anchor oligonucleotide) 
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5 ' ( I ) ++ -H-M-H I +00OOOOOOO000OOOO000OO00O00OOOOO* ********* 

3 *( I ) antisense +jrj H ni l > ooooooooooooooooooooooooooooooo* ********* 
Melt & DNA synthesis 

5'( I ) IIHUH] l ooooooooooooooooooooooooooooooo** ******** 

synthesis <- ^^***^*aaaaaaaaaa B 

(Primer 2.) 

(Primer 1.) 

synthesis 1 {--h-m-H-H -» 

3'( I ) antisense Minni 1 +oooooooc*)oooooooooooooooooooooo********** 5' 

(label incorporation) 
Products 

5'( I ) Miniili l ooooooooooooooooooooooooooooooo********** 

3 Y II ) antisense I i R -H ) I I I ooooooooooooooooooo oooo oooooooo** ** **** ** /ww ^^ B 
— r? 5 5 s 8 



(label incorporation) 



(17) 



U U ff ## » # 

5'( II ) = li M i l -f-N-ooooooooooooooooooooooooooooooo* ********* 3' 

3'( I) antisense +4- M t i I I I I ooooooooooooooooooooooooooooooo* ********* 5' 

Meit & DNA synthesis 

3 Y II ) antisense iiimni i qqoch3ooooooo oqooooooooooo€K3oooo******^ B 
n? 2 5 s s 



5'(H) ++* 
synthesis <- j**********/wwwwva B 

Products 

» # u m » a u » 

5'(ni) — — r-T~ ==i mii i h +ooooooooooooooocwoooooooooooooo*************^^ 

3 Y II) * ++4H~H-++-H-0000000000000000000000000000000* 5|t ********aaaaaaaaaa 3 

—fm s s s 5 

u 8 » m » u 

5'( II ) - =zsz\ H-H-HHH 1 0000000000000000000000000000000********** 

3 Y III ) minimi i ooooooooooooooooooooooooooo oooo********* * A/wwvv ^ B 

1 & JT35 8 » S 

Melt & DNA synthesis 

u » * m a u u u 

5'( III ) — i ) Miiii i i ooooooooooooooooooooooooooooooo********** A/wv ^^ 
synthesis <— ... *******<i**/wwwamq 



synthesis iiiiiiin * 

3 Y III ) — HH Mini l0OOO0OOOOO0QCK>OCK>0OO0CK)O OOOOOO0****** **** A/ ^^ B 
U » TT? B 8 # 
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Fig. 4 



Products 



» » HH H U » U 

5\ III ) = == -i hH-H-H l+0000OO0OO00O0O0OOO0000OOO0O0OOO********** AAAA/ ^^ 

3'( IV) — r— = | | | |1 1 i n i oOOOOOOOOOOoooo oooooooooooooooo* ******* ♦♦aaaaaaaaaa Q 

3 s n? s » g 



5 '( IV ) — =— I H M 1 I I 1 1 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO** ****** * * aaaaaaaaaa 
3 ' ( III ) H I ) ) H ) 1 l OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO* ******** *aaaaaaaaaa 3 

— 5 s s an? * 5 g 



Denature & remove antisense strands with streptavidin beads 



3 ' ( IV ) -= =^-H 11)11)1 OOOOOOOOOOOOOOO OOOOOOOOOOOOOOQO* ********* aaaaaaa/wv B.g ea( J 

JO 8 B g ? 

3'( HI ) +-H-f t 1 \ H I ooooooooooooooooooooooooooooooo*** *^ 

m? B 5 5 s 



Sense strands hybridised to array, plate or column bearing sequence complementary to primer 1. 



» u m n u » n 

5'( III ) -i hH-H-H H ooooooooooooooooooooooooooooooo********** AA/WSA/ ^ 

Plate! = 



Plated 
5'(IV) 



t-OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO* ******** *aaaaaaaaaa 



BNSOOCID: <WO 021 <*534A2J_> 



WO 02/14534 




m 



PCT/GB01/03582 



SEQUENCE LISTING 



<110> BioQuant Limited 

Colin Gerard Potter 

<120> UNIVERSAL PROBE SYSTEM 

<130> N83305 GCW 

<140> 

<141> 2001-08-07 

<150> GB 0019179.1 

<151> 2000-08-07 

<160> 12 

<210> 1 

<211> 13 

<212> -DNA 

<213> Artificial Sequence 
<220 

<221> mi sc_f eature 

<223> Description of Artificial Sequence: probe 

<400> 1 

taataagaca tec 13 

<210> 2 

<211> 12 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> mi sc _f eature 

<223> Description of Artificial Sequence: Probe 



<210> 3 
<211> 79 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> mi sc _f eat ure 

<223> Description of Artificial Sequence: test target sequence 
<400> 3 

gcccttacct cttcagcatc ggacgactcg egaggaaege attaagaaag cagtggtttt 60 
gtagccccga ggagagttc 79 

<210> 4 
<211> 12 



<400> 2 
gaactctcct eg 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc^feature 

<223> Description of Artificial Sequence: Probe 

<400> 4 

ggatatcacc eg 12 

<210> 5 

<211> 79 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Description of Artificial Sequence: test target sequence 



<210> 6 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Description of Artificial Sequence: primer 

<400> 6 

gaactctcct cgcccgatgt tttggtga -28- 

<210> 7 
<211> -'-28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Description of Artificial Sequence: Primer 



<400> 5 

gcccttacct cttcagcatc ggacgactcg egaggaaege attaagaaag cagtggtttt 
gtagccccgg gtgatatcc 



60 
79 



<400> 7 

ggatatcacc cgcccgatgt tttggtga 



28 



<210> 8 

<211> 28 

<212> DNA 

<213> Artificial Sequence 



<220> 
<221> 
<223> 



misc_feature 

Description of Artificial Sequence: Primer 
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<400> 8 

cgggaatgga gaagtcgtag cctgctga 



28 



<210> 9 

<211> 55 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> miscjfeature 

<223> Description of Artificial Sequence: Target sequence 

<400> 9 

eccgatgttt tggtgacgaa agaattacgc aaggagcgct cagcaggcta cgact 55 

<210> 10 
<211> 67 
<212> "DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Description of Artificial Sequence: Intermediate PCR product 
<400> 10 

cgggaatgga gaagtcgtag cctgctgagc gctccttgcg taattctttc gtcaccaaaa 60 
catcggg 67 

<210> 11 
<211> 79 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223>— Description of Artificial Sequence: PCR product 
<400> 11 

gaactctcct cgcccgatgt tttggtgacg aaagaattac gcaaggagcg ctcagcaggc 60 
tacgacttct ccattcccg 79 

<210> 12 

<211> 79 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> miscjfeature 

<223> Description of Artificial Sequence: PCR product 



<400> 12 

cgggaatgga gaagtcgtag cctgctgagc gctccttgcg taattctttc gtcaccaaaa 60 
catcgggcga ggagagttc 79 
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